OPTICAL IMAGE SCANNER WITH LENS ARRAYS THAT ARE NON- 
PERPENDICULAR TO THE IMAGE BEING SCANNED 



FIELD OF INVENTION 



This invention relates generally to optical image scanners and more 
specifically to an optical image scanner using lens arrays, where the distance, from 
the surface where an image is being scanned, to the opposite outer surface of the 
scanner, is relatively short. 



BACKGROUND OF THE INVENTION 



Image scanners, also known as document scanners, convert a visible image 
on a document or photograph, or an image in a transparent medium, into an 
electronic form suitable for copying, storing or processing by a computer. An image 
scanner may be a separate device, or an image scanner may be a part of a copier, 
part of a facsimile machine, or part of a multipurpose device. Reflective image 
scanners typically have a controlled source of light, and light is reflected off the 
surface of a document, through an optics system, and onto an array of 
photosensitive devices. Transparency image scanners pass light through a 
transparent image, for example a photographic positive slide, through an optics 
system, and then onto an array of photosensitive devices. The optics system focuses 
at least one line, called a scanline, on the image being scanned, onto the array of 
photosensitive devices. The photosensitive devices convert received light intensity 
into an electronic signal. An analog-to-digital converter converts the electronic 
signal into computer readable binary numbers, with each binary number 
representing an intensity value. 

There are two common types of image scanners. In a first type, the length of 
the photosensor array is much less than the length of the scanline. For the first type, 
a spherical reduction lens is commonly used to focus the scanline onto the 
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photosensor array. In a second type, the length of the photosensor array is the same 
length as the scanline. For the second type, it is common to use Selfoc ® lens arrays 
(available from Nippon Sheet Glass Co.), in which an array of rod-shaped lenses is 
used, typically with multiple photosensors receiving light through each individual 
5 lens. The optical path length (the distance from the image being scanned to the 

photosensor array) of Selfoc lens arrays is relatively short compared to the optical 
path length of a spherical reduction lens. For example, the typical optical path 
? y% length for a reduction lens in an image scanner is hundreds of millimeters, and the 

~\l typical optical path length for a Selfoc lens array is tens of millimeters. However, 

10 P there is a need for even smaller scanners, for example, for use with portable digital 

aj personal appliances. 

U SUMMARY OF THE INVENTION 

15 ||| An optical image scanner uses one or more reflecting surfaces to provide a 

light path through a lens array, where the optical path through the lens array is non- 
perpendicular to the surface of the image being scanned. As a result, the distance, 
from the surface where an image is being scanned, to the opposite outer surface of 
the scanner, is relatively short compared to scanners in which lens arrays are 

20 perpendicular to the image being scanned. An illumination source may be provided 

as part of an assembly that includes the lens array. Alternatively, the assembly may 
be integrated with a video display, or placed adjacent to a video display, and the 
video display may be used as the illumination source. For example, a scanner may 
be used in conjunction with a hand-held computer, or with a digital photo frame. 

25 The assembly may optionally monitor the intensity and color of the illumination 

source during scanning. The assembly may also optionally image the display, 
enabling screen prints, or remote scanning of a computer screen for technical 
assistance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram side view of an example embodiment of an optical 
image scanner with a lens array that is non-perpendicular to the image being 
scanned, in accordance with the invention. 

Figure 2 is a section view of the optical image scanner of figure 1. 

Figure 3 is a block diagram side view of an alternative configuration for the 
photosensor array, in accordance with the invention. 

Figure 4 is a block diagram side view of an alternative configuration for 
illumination, in accordance with the invention. 

Figure 5 is a block diagram side view of an alternative configuration permitting 
monitoring of lamp illumination during scanning, in accordance with the invention. 

Figure 6 is a block diagram side view of a variation of the configuration of figure 5, 
in accordance with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE 
INVENTION 

Figure 1 illustrates an example embodiment of a scanner assembly for which 
a video display is used as a light source. In figure 1, a document 100 is placed 
against a transparent platen (or faceplate) 102. Light from a video display 104 is 
scattered from a scanline (represented by a dot 106). A reflective surface 108 
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reflects some of the light scattered from scanline 106 through a lens array 110 to a 
photosensor array 112. The lens array 110 focuses the scanline 106 onto the 
photosensor array 112. By orienting the lens array 110 so that it is non- 
perpendicular to document 100 (lens array 110 is substantially parallel to document 
100 in figure 1), the distance from the document 100 to the video display 104 
(indicated by double arrow 114) is limited by the thickness of the lens array 110 
instead of the length of the lens array 110. 

Figure 2 illustrates that the lens array 110 and photosensor array 112 
preferably extend over the width of the image to be scanned. That is, the lens array 
110 and photosensor array are preferably as wide as the scanline. The reflective 
surface 108 may be a single continuous surface, as illustrated, or each lens may 
have a separate reflective surface. 

For scanning, the reflective surface 108, lens array 110, and photosensor 
array 112 may be moved as an assembly relative to the document 106, moving the 
scanline 106 along the document. Alternatively, the reflective surface 108, lens 
array 110, and photosensor array 112 may remain stationary, and the document 100 
may be moved relative to the assembly. 

The reflective surface 108 may optionally swivel, so that a scanline on the 
face of the video display 104 is focused onto the photosensor array 112. This would 
enable screen prints, or remote scanning of a computer screen for technical 
assistance. The reflective surface 108 may comprise a total internal reflection 
surface (for example, an internal surface of a prism), or may comprise a mirror 
with a reflective coating (for example, an aluminum or other metallic coating). 

In the configuration illustrated in figure 1, the video display 104 may be the 
face of a cathode ray tube (CRT). Alternatively, the video display 104 may be a 
backlit liquid crystal display (LCD), such as the displays commonly used in 
portable computers and digital photo frames. Alternatively, the video display 104 
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may be a plasma display, or an electroluminescent display, or any other display 
technology that can illuminate the document 100. 

The platen 102 along with the reflective surface 108, lens array 110, and 
photosensor array 112 may be attached to the video display 104 to provide a 
5 combination display /scanner. Alternatively, the platen 102 along with the reflective 

surface 108, lens array 110, and photosensor array 112 may be a separate assembly 
that is temporarily placed against the video display 104. 
n The lens array 110 may be a fiber optic bundle or other light pipe 

technology. However, Selfbc lens arrays have advantages related to viewing angle, 
10 I" depth of field, and magnification. Each Selfbc rod-shaped lens has a index of 

h j refraction that varies radially. As a result, they have many of the attributes of a 

£t spherical lens, as opposed to just piping light. In particular, a real image (inverted 

or erect) can be formed on the photosensor array. A real image is required if one 
4\ lens is used for multiple photosensors. In addition, other embodiments, described 

15 Hi below, take advantage of real image formation for monitoring the intensity of the 

H light source. 

Figure 3 illustrates an alternative configuration in which a second reflective 
surface 300 is used to redirect light onto a photosensor array 302. The orientation 
of the photosensor array 302 in figure 3 may be preferred for mounting the 
20 photosensor array onto a printed circuit board. 

Figure 4 illustrates that the assembly may optionally include a source of 
illumination. In figure 4, an assembly 400 includes a lamp 402, in a reflector 404, 
for illuminating the image being scanned. Preferably, the lamp 402 is substantially 
at least as long as the scardine. The lamp 402 may be, for example, a cold-cathode 
25 fluorescent lamp, Light Emitting Diodes (LED's), a Xenon lamp, or any other 

relatively small light source. 

For electric discharge lamps, such as cold-cathode fluorescent lamps and 
Xenon lamps, intensity and color is a function of power and temperature. The 
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temperature of the vapor or gas, and the phosphors, indirectly affects intensity. 
Because of thermal time constants in the lamp, when such a lamp is first powered 
on, light intensity and color vary dynamically along the length of the tube until the 
overall temperature of the light source stabilizes. The time required for complete 
stabilization may be on the order of many minutes. Image scanners using such a 
light source typically wait for some stabilization before scanning the document, 
typically for at least tens of seconds. Alternatively, a scanner may start scanning 
without waiting for the lamp to warm up, and then monitor the lamp intensity 
during scanning. Compensation values may then be updated during scanning. In an 
earlier application from the same assignee, {HP docket number 10007856, filed 
01/30/01}, one photosensor array is focused onto a scanline during scanning, and a 
separate photosensor array is used to monitor the lamp during scanning. 

Figure 5 illustrates an alternative embodiment in which the lamp can be 
monitored during scanning. In figure 5, an assembly 500 includes a neutral density 
light pipe 502 that directs light, directly from the lamp 402, or from the reflector 
404, into the lens array 506. Light from the lamp is blocked from entering the lens 
array 502 other than through the light pipe 502 or from a scanline. The light pipe 
502 preferably spans substantially the length of the scanline, but does not have to be 
continuous. That is, the light pipe needs to monitor at least at area near one end of 
the lamp, and preferably an area near the center of the lamp, but does not have to 
monitor every part of the length of the lamp. The reflecting surface 504 directs light 
from a scanline into the lens array 110. Recall from the above discussion that a 
Selfoc lenses form a real image on the photosensor array. Accordingly, separate 
images of light from the lamp, and the scanline, are formed onto the photosensor 
array 506. Photosensor array 506 has two separate rows of photosensors, one for 
the scanline and one for lamp sensing. In general, a photosensor array for lamp 
sensing does not have to be continuous, and may be relatively low resolution 
compared to a photosensor array for a scanline. The light path for monitoring the 



lamp will have an identical focal length as the light path for the scanline. However, 
the light pipe 502 does not have to form an image, but only needs to provide diffuse 
intensity and color. Note that in figure 5, the lens array 506 is depicted as providing 
an erect (non-inverted) image on the photosensor array 506. Typically, for 
document scanners, the lens arrays provide a 1:1 erect image. However, lens arrays 
may also be configured to provide inverted images with magnification, in which 
case the light from the scanline and lamp would pass at a slight angle through the 
lens instead of in a straight line as illustrated. 

Figure 6 illustrates a variation of the embodiment of figure 5. In figure 6, an 
assembly 600 includes a lens array 602 that has two rows of lenses. Reflecting 
surface 606 directs light from a scanline into one row of lenses and onto one row of 
photosensors on photosensor array 608. A neutral density light pipe 604 directs 
light from the lamp 402, or the reflector 404, into a second row of lenses, and onto 
a second row of photosensors on photosensor array 608. Note that the row of lens 
for monitoring the lamp do not have to be image forming lenses, but may instead 
may be light pipes. 

Any of the example configurations illustrated in figures 4, 5 and 6 may have 
a photosensor array oriented as illustrated in figure 3. That is, a second reflecting 
surface may be added so that the photosensor array can be oriented parallel to the 
image being scanned. 

The foregoing description of the present invention has been presented for 
purposes of illustration and description. It is not intended to be exhaustive or to 
limit the invention to the precise form disclosed, and other modifications and 
variations may be possible in light of the above teachings. The embodiment was 
chosen and described in order to best explain the principles of the invention and its 
practical application to thereby enable others skilled in the art to best utilize the 
invention in various embodiments and various modifications as are suited to the 
particular use contemplated. It is intended that the appended claims be construed to 
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include other alternative embodiments of the invention except insofar as limited by 
the prior art. 
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